The immunoreactivity of anti-triiodothyronine (anti-I3) lgG, pretreated at acidic pH and adsorbed onto polystyrene beads, was significantly greater than that determined for native anti-T3 lgG immobilized at optimum pH 3.5. AcidicpH-pretreated lgG, adsorbed at pH 7.0 onto ethanol-treated beads, had less immunoreactivity than that on untreated beads and gave values similar to those of native lgG adsorbed onto activated beads at pH 9.6. The rate of immobilization onto treated beads was significantly greater than onto untreated ones, and the binding was reproducible (intra-and inter-batch coating CV, 3.7-4.6% and 7.2%, respectively) and very resistant to successive washings. A post-washing incubation in 10 mg/L bovine serum albumin solution was required to eliminate the decreased immobIlized immunoreactivity caused by some washing reagents. For solid-phase radioimmunoassays of T3, 40% less antibody was needed when acidic-pH-pretreated lgG was adsorbed onto untreated beads or when native lgG was adsorbed onto ethanol-treated beads, in comparison with native lgG adsorbed onto untreated beads. Results and assay characteristics with such beads were comparable with results for solid-phase and liquid-phase polyethylene glycol assay of T3. The mixture was incubated overnight at room temperature in the dark and was exhaustively dialyzed against isotonic saline and eventually lyophilized (6). The titer of antiserum was 1:320 000, as determined in liquid-phase RIA of T3 by diluting the antiserum with 50 mmolJL phosphate buffer, pH 7.4, containing 0.2 g of thimerosal and 1 g of BSA per liter.
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Polystyrene is a very common solid-phase support (1) (2) (3) (4) in immunoassays.
Although the conditions and the concentration of the immobilized antibodies are of obvious relevance to the performance characteristics of such assays, relatively few detailed studies have been published describing factors affecting immobilized immunoreactivity and their influence on the assay characteristics. As part of a program to gain insight into the variables affecting plasticcoating conditions, we investigated several physicochemical factors that would affect adsorption, onto polystyrene beads, of native and partly denatured anti-triiodothyronine (T3) IgG (5), in relation to immobilized immunoreactivity. 4 We evaluated this immunoreactivity by using protocols of T3 radioimmunoassays (RIA). In addition, we studied the characteristics of the above IgGs after their adsorption onto The mixture was incubated overnight at room temperature in the dark and was exhaustively dialyzed against isotonic saline and eventually lyophilized (6) . The titer of antiserum was 1:320 000, as determined in liquid-phase RIA of T3 by diluting the antiserum with 50 mmolJL phosphate buffer, pH 7.4, containing 0.2 g of thimerosal and 1 g of BSA per liter.
The y-globulin fraction of the anti-T3 antiserum (native anti-T3 IgG) was obtained by precipitating 10 mL of antiserum with caprylic acid, according to the method of Steinbuch and Audran (7). We centrifuged the mixture, then filtered the supernate and exhaustively dialyzed it against several changes of isotonic saline for 48 h. The solution obtained was diluted with isotonic saline, separated into aliquots containing 150 g of protein, lyephilized, and stored at 4#{176}C until use. The total protein yield was 12-14% of the original antiserum protein content, as determined by the method of Bradford For liquid-phase T3, we used PEG radioimmunoassay, in a protocol similar to that of solid phase. We replaced the coated beads with 300 4, of anti-T3 antiserum solution (1:320 000 titer), incubated the samples for 2 h, then added 2 mL of 200 g/L PEG solution in 50 mmol/L phosphate buffer, pH 7.4. The suspension formed was centrifuged at 3000 x g for 15 mm, and the radioactivity of the precipitate was counted. The standard curves for the assays were obtained as described elsewhere (11).
Results
Preliminary studies indicated that in some cases the immunoreactivity of IgOs immobilized onto polystyrene beads was increased when the insoluble matrices were pretreated, before the immobilization process, with absolute ethanol (Figure 1) . Incubation of polystyrene beads with absolute ethanol for 15 mm was sufficient for optimum surface activation. Beads treated with ethanol and then dried under reduced pressure or stored in water before protein immobilization retained for at least a month their capability to adsorb immunoreactive IgG.
Anti-T3 adsorption onto ethanol-treated and untreated polystyrene beads. In this method, we mixed an aqueous solution of antibody with the adsorbent, then washed the beads to remove any unbound protein molecules. The adsorption of IgG onto polystyrene beads depended on such experimental variables as pH, concentration and nature of the protein, and temperature.
As indicated in Figure 1 , native anti-T3 IgG immobilized onto untreated beads at pH >7 had less immunoreactivity than beads coated at pH 3.5, whereas the immunoreactivity of acidic-pH-pretreated anti-T3 IgG was greatest when immobilization was performed at pH 7.0. The immobilized immunoreactivity of native anti-T3 IgG on ethanol-activated polystyrene beads was 10-25% higher than on untreated beads, when adsorption took place at pH >5, whereas the immobilized immunoreactivity was decreased by 35% when the beads were coated at low pH and by 10% when acidic-pH-pretreated anti-T3 IgG was immobilized at neutral pH.
The immobilized immunoreactivity of treated and un- treated beads was significantly increased when the beads were coated at 37 #{176}C (Figure 2 We studied the persistence of the immunoreactivity of immobilized native anti-T3 IgG at pH 3.5 and 9.6 as well as of acidic-pH-pretreated anti-T3 IgG adsorbed at pH 7 (modified IgG) after the use of several washing and incubation steps (Figure 3) . When untreated beads were used, the immunoreactivity was decreased by 20-30% after washing with Tween 20 solution ( Figure 3A) . The inter-batch coating precision (CV), determined for 12 batches of 80-100 beads per batch for each coating procedure over a period of 12 months, was 7.2% for ethanoltreated and 11.7% for untreated polystyrene beads. The intra-batch coating precision, determined for five batches of 20 beads per batch for each coating procedure over a one-month period, was 3.7-4.6% when acidic-pH-pretreated anti-T3 IgG was adsorbed onto untreated beads or native IgG was adsorbed onto ethanol-treated beads. The solid-phase assay standard curves ( Figure 5) were superimposed with the liquid-phase assay curve, and the characteristics of the assay, determined as described by Livaniou et al. (11), were within the accepted limits for T3 radioimmunoassays.
The detection limit (12) of the solidphase assays for T3 was 0.10 gfL with the activated beads, 0.13 jg/L with the untreated polystyrene beads; moreover, the steepness of the curve obtained by immobilizing native IgG onto untreated beads at pH 9.6 was slightly less than that obtained with ethanol-activated beads. The detection limit of the T3 PEG assay was also 0.10 gfL. The intra-
and interassay
CVs over the range of the standards with both solid-phase and PEG-RIA methods were within the limits of 3.9-4.6% and 5.7-6.1%, respectively, and 9.3-10.6% and 11.9-13.8% for the control sera.
Discussion
We present here our study about factors that affect the adsorption of anti-T3 IgG onto the surface of ethanoltreated and untreated polystyrene beads. In initial studies, we found that the adsorption of native and acidic-pHpretreated anti-T3 rabbit IgG onto these beads, under conditions that retained their immunoreactivity, Absolute ethanol was the most suitable solvent for the lipids, because in the other organic solvents used the polystyrene beads quickly deteriorated. Antibodies adsorbed onto polystyrene beads pretreated with ethanolic-lipid solutions had greater immunoreactivity than those on the untreated beads, when immobilization was done at pH >7; on the other hand, the immunoreactivity of the ethanol-treated control beads was similar to that of the beads treated with ethanolic-lipid solutions. The effect of the ethanolic treatment remained stable under extreme washing and drying conditions. Thus, we do not consider it to be a temporary phenomenon, dependent on the increase of the water-solid interface, but rather the results of permanent changes on the nature of the bead surface. When we noted a similar ethanolic effect on 6.35-mm-diameter polystyrene beads from Sekisui Chemical Co. (Kita-Ku, Osaka, Japan; prod. no. C-BE 11), we decided to investigate the characteristics of the adsorption process of IgGs onto ethanol-preactivated polystyrene beads.
The rate of immobilization of IgG onto ethanol-treated polystyrene beads was significantly greater than the rate onto untreated ones. When ethanol-activated beads were used for the coating, 1 h of incubation at 37 #{176}C was adequate to obtain the same immunoreactivity as that of untreated beads incubated for 48 h. The immobilization was temperature dependent and was optimum at 37#{176}C. The pH pattern of the measured immunoreactivity of immobilized antibodies adsorbed onto ethanol-treated beads was different from that determined for untreated beads. Thus, when native anti-T3 IgG was immobilized onto untreated beads at pH 3.5, the immunoreactivity obtained was higher than that determined when ethanoltreated beads were used but was greater on the ethanoltreated beads when they were coated at pH >7. When anti-I'3 IgO pretreated at acidic pH was immobilized onto ethanol-treated beads, the immunoreactivity was slightly less than that on the untreated beads.
The binding of native or acidic-pH-pretreated IgG onto ethanol-treated polystyrene beads was more stable after washings, even with nonionic detergents, than that on the untreated beads (Figure 3 ). Beads washed with Tween 20 solution had less immunoreactivity than beads washed with water; however, this decrease disappeared when the washing was followed by a 24-h postwash incubation of the beads in BSA solution. We conclude that the decreased immunoreactivity was due, at least in part, to changes in antibody conformation caused by the washing reagent and not necessarily to desorption of the antibody. This phenomenon was even more striking on some other plastic materials we studied, e.g., acrylonitrile butadiene styrene beads (data not shown).
The immobilized immunoreactivity measured depended on the antibody concentration in the coating solution. When native and acidic-pH-pretreated anti-T3 IgGa were immobilized onto ethanol-treated beads, and when acidicpH-pretreated anti-I'3 IgG was immobilized onto untreated beads, the binding capacity was increased up to a critical concentration, the maximum immunoreactivity, beyond which a "hook" effect (12,13) was observed. The critical IgG concentration in the above systems was 3 mg/L (Figure 4) .
The loss of proper function of the antibody, as indicated by the "hook" effect, could be mainly related to steric hindrance, owing to the high density of antibody on the surface of the bead (12).
The functionality of immobilized antibodies in T3 radioimmunoassays was evaluated by the measured immunoreactivity in the presence of 0 and 6.6 j.tgfL T3 standard solutions. As indicated in the representative curves shown in Figure 4 , maximum differences of the immobilized immunoreactivity between the different standards, indicating curve steepness and readability, were obtained by using IgG at 0.6 mg in the adsorption solution for immobilization onto ethanol-treated beads, whereas for the untreated beads, 0.6 mg of acidic-pH-pretreated IgG and 1.0 mg of native IgG were required per liter. Thus, with ethanol-treated beads, 40% less antibody was required than with the untreated beads. Moreover, the use of ethanol-treated beads eliminated the need for using acidicpretreated antibody to obtain results of comparable mag-
nitude.
Finally, as indicated in Figure 5 , solid-phase assays utilizing the above immobilized reagents provided measurements comparable with those of liquid-phase assays, with similar assay characteristics (accuracy, reproducibility, and sensitivity). The reasons for the increase in permanent adsorption capabilities of ethanol-treated polystyrene beads are not yet well understood. We postulate that this may be due, to some extent, to surface restructuring by reorientation of the polymer backbone segments and pending groups, which could lead to an increase of high-affinity binding sites on the surface of the beads.
In conclusion, we propose treating polystyrene beads with ethanol before coating them with immunoglobulins, using a simple and fast procedure that requires no special experience to perform. Ethanolic activation of the beads is stable for a long time, allowing them to be stored and used when needed, and because this activation takes place before immobilization, the antibody is not affected by the procedure used. Adsorption of antibody can be performed at low or high pH, and the binding is resistant to desorption.
Finally, activated beads require considerably smaller amounts of antibody beads than untreated ones for utilization in solid-phase I'3 RIA and do not require acidic pH pretreatment of antibody for optimum measurements.
